The structure of a new congener of chaetochromin, an inhibitor of triacylglycerol synthesis in CHO-K1 cells produced by Penicillium sp. FKI-4942, was elucidated by spectroscopic methods, including various NMR experiments. Isochaetochromin A 1 has a bis-naphtho-c-pyrone moiety. The Journal of Antibiotics (2012) 1 from the culture broth of Penicillium sp. FKI-4942. These compounds were found to inhibit triacylglycerol synthesis in CHO-K1 cells. The taxonomy of the producing fungus, fermentation, isolation and biological properties of isochaetochromins were described in a previous paper. 2 In this study, the physico-chemical properties and structure elucidation of isochaetochromin A 1 are described.
INTRODUCTION
During the course of screening for inhibitors of triacylglycerol synthesis in CHO-K1 cells, a new compound named isochaetochromin A 1 was isolated along with structurally related known isochaetochromins B 1 and B 2 1 from the culture broth of Penicillium sp. FKI-4942. These compounds were found to inhibit triacylglycerol synthesis in CHO-K1 cells. The taxonomy of the producing fungus, fermentation, isolation and biological properties of isochaetochromins were described in a previous paper. 2 In this study, the physico-chemical properties and structure elucidation of isochaetochromin A 1 are described.
MATERIALS AND METHODS

General experimental procedures
UV spectra were recorded on a spectrophotometer (8453 UV-Visible spectrophotometer; Agilent Technologies, Santa Clara, CA, USA). IR spectra were recorded on a Fourier transform IR spectrometer (FT-710; Horiba, Kyoto, Japan). Optical rotations were measured with a digital polarimeter (DIP-1000; JASCO, Tokyo, Japan). CD spectra were measured with a spectrometer (J-720; JASCO). ESI-TOF-MS and HRESI-TOF-MS spectra were recorded on a mass spectrometer (JMS-T100LP; JEOL, Tokyo, Japan). Various NMR spectra were measured with a spectrometer (XL-400; Agilent Technologies, Santa Clara, CA, USA).
RESULTS
Physico-chemical properties of isochaetochromins
The physico-chemical properties of isochaetochromins A 1 , B 1 and B 2 are summarized in Table 1 Figure 1 . Furthermore, 13 C-1 H long-range couplings of 2 J and 3 J observed in the 13 C-1 H heteronuclear multiplet bond connectivity (HMBC) spectrum ( (d 102.3) and from H-10 (d 6.14) to C-4a, C-5a, C-9, C-9a (d 142.7) and C-10a supported the existence of the naphthalene ring (C-4a to C-10a). Considering the chemical shift of C-8 and molecular formula, one hydroxy group should be connected at C-8; thus, the existence of the naphtho-g-pyrone (naphtho-g-dihydropyrone) unit in isochaetochromin A 1 was confirmed as shown in Figure 2 . The NMR data suggested the presence of one more naphtho-g-pyrone in isochaetochromin A 1 . Fortunately, the naphtho-g-pyrone unit (C-2¢ to C-10¢a) No. was assigned in the same way as the first naphtho-g-pyrone unit (C-2 to C-10a). Taking all these findings together, the planar structure of isochaetochromin A 1 was elucidated to be a symmetrical dimer of the naphtho-g-pyrone, as shown in Figure 3 .
The relative stereochemistry at C-2, C-3, C-2¢ and C-3¢ of the g-pyrone skeleton was investigated by the J values and NOE experiments. The J values (J 2À3 ¼3.0 Hz and J 2¢À3¢ ¼3.0 Hz) of isochaetochromin A 1 indicated that both the vicinal methyl groups are cis. 1 (Figure 4) . From these data, the relative stereochemistry of isochaetochromin A 1 was elucidated as shown in Figure 3 .
To elucidate the absolute axial stereochemistry, the specific rotation and the CD data of isochaetochromin A 1 was compared with those reported for isochaetochromins B 1 and B 2 . 1 The specific rotation of isochaetochromin A 1 (À2291) showed a negative value, as did isochaetochromin B 2 (À543.91, aR), but isochaetochromin B 1 (+142.61, aS) showed a positive value. Furthermore, the CD spectrum of isochaetochromin A 1 showed the first negative cotton effect at 292 nm and the second positive cotton effect at 268 nm. These spectra conformed to those of isochaetochromin B 2 . Accordingly, the respective absolute axis stereochemisitry of isochaetochromin A 1 was elucidated to be aR.
DISCUSSION
A new isomer named isochaetochromin A 1 was isolated along with known isomers isochaetochromins B 1 and B 2 1 from the culture broth of Penicillium sp. FKI-4942 as inhibitors of TG synthesis in CHO-K1 cells. 2 Isochaetochromins B 1 and B 2 were reported to be produced by Fusarium sp., 1 whereas all the isochaetochromins described in this study were produced by Penicillium sp. 2 From the structure elucidation of isochaetochromins A 1 , B 1 and B 2 , these compounds have the same planar structures, although the structural difference among the isomers comes from the combination of the stereochemistry at 2/2¢ and 3/3¢ methyl residues and from the 9/ 9¢ axis (aS or aR) of the two monomers. Theoretically, there are 16 isomers for the same structure of this dimer. Among them, six isomers, chaetochromins A and B, 3, 4 ustilaginoidin D 6 and isochaetochromins A 1 , B 1 and B 2 1,2 ( Figure 3 ), have been reported so far. Chaetochromin A is a symmetrical dimer having two trans-2,3-dimethyl groups on the 5,6,8-trihydroxy-naphtho-g-pyrone ring, and the absolute stereochemistry was established by CD and X-ray crystallography of p-bromobenzoate derivative. 5 Ustilaginoidin D is also a symmetrical dimer having two trans-2,3-dimethyl groups, and the 9/9¢ axial stereochemistry was elucidated to be aR by comparative CD spectroscopy. However, the absolute stereochemistry was not determined. 6 On the other hand, chaetochromin B and isochaetochromins B 1 /B 2 were unsymmetrical dimers having one trans-2,3-dimethyl group and one cis-2,3-dimethyl group, and these axial stereochemistries were elucidated to be aS, aS and aR by CD spectroscopy, respectively. However, it appeared difficult to elucidate the complete stereochemistry of these compounds. It would be done by X-ray crystallographic Analysis. In fact, the complete stereochemistry of chaetochromin B 3 and isochaetochromins B 1 /B 2 1 has not been reported to date.
This series of isomers was produced by fungal genera Chaetomium, 3, 4, 7 Claviceps, 6 Fusarium 1 and Penicillium. 2 As they were completely different in taxonomical characteristics, these fungi share the similar biosynthetic genes to produce naphtho-g-pyrones. Distinct isomers will be further isolated from the culture broth of these fungi.
